Over 1,000 mammal species are red-listed by IUCN, as Critically Endangered, Endangered or Vulnerable. Conservation of many threatened mammal species, even inside protected areas, depends on costly active day-to-day defence against poaching, bushmeat hunting, invasive species and habitat encroachment. Many parks agencies worldwide now rely heavily on tourism for routine operational funding: .50% in some cases. This puts rare mammals at a new risk, from downturns in tourism driven by external socioeconomic factors. Using the survival of individual animals as a metric or currency of successful conservation, we calculate here what proportions of remaining populations of IUCN-redlisted mammal species are currently supported by funds from tourism. This proportion is $5% for over half of the species where relevant data exist, $15% for one fifth, and up to 66% in a few cases. Many of these species, especially the most endangered, survive only in one single remaining subpopulation. These proportions are not correlated either with global population sizes or recognition as wildlife tourism icons. Most of the more heavily tourism-dependent species, however, are medium sized (.7.5 kg) or larger. Historically, biological concern over the growth of tourism in protected areas has centered on direct disturbance to wildlife. These results show that conservation of threatened mammal species has become reliant on revenue from tourism to a previously unsuspected degree. On the one hand, this provides new opportunities for conservation funding; but on the other, dependence on such an uncertain source of funding is a new, large and growing threat to red-listed species.
Introduction
Threatened species survive largely in parks; parks need money to remain operational; and some of that money comes from tourism. Therefore, tourism contributes to the conservation of these species in parks. We calculate here what proportions of remaining global populations of IUCN-redlisted mammal species effectively depend on tourism revenue. That is, we use the number of individual living animals, ie the sizes of remaining wild populations, as a basic metric or currency of in-situ conservation success; and we use the proportions of parks agency budgets derived from tourism revenue as a measure of tourism contributions. We find that tourism now contributes significantly to the survival of many red-listed mammal species. This reliance on tourism, however, now places their survival at risk from externally generated downturns in tourism.
Arresting the continuing global decline in biodiversity is a major and broadly agreed international goal [1] [2] . Despite this, species extinctions continue [3] [4] [5] [6] [7] [8] . Most threatened species survive mainly in public protected areas [8] [9] [10] [11] [12] , but populations still decline [3, 8, 13] . Contributing factors include poaching, disease, disturbance, habitat clearance and encroachment, interactions with invasive species, and modified fire regimes. Many parks agencies, especially in biodiverse developing nations, lack adequate funds to combat these threats [14] [15] [16] .
Especially over the past decade, parks budgets in a number of countries have come to rely increasingly on revenues associated with tourism; principally fees and prices charged to visitors by parks agencies for entry, activities, accommodation and purchases [17] [18] [19] . This applies particularly in developing nations with heavy dependence on international tourism. Tourism, however, is sensitive to socioeconomic factors such as wealth and safety. When it suffers externally generated downturns, parks agencies are suddenly without funds for operational conservation management. This creates new risks for rare species. The reality of such risk has been demonstrated in countries such as Madagascar, Nepal, Zimbabwe and elsewhere, where tourism collapsed following military coups, and many threatened species suffered greatly increased hunting and poaching in consequence [20] [21] [22] [23] [24] [25] .
Here we quantify these risks by calculating the numbers and hence the proportions of remaining individuals that rely on tourism revenue for conservation in parks. We acknowledge that the political and financial dynamics of individual protected areas, as well as the population dynamics and conservation measures for individual species, are often highly complex. Sources of parks funding, however, are largely substitutable: parks agencies incur both conservation and recreation management expenditures irrespective of income, and funds are reallocated internally. At global scale, therefore, the simple accounting approach adopted here provides a valid mechanism to measure the reliance of redlisted mammal species on tourism revenue.
Methods
For each species a, we calculated the proportions T of remaining individuals that rely on tourism revenue for conservation in parks, as T a = S i n S ia R ia /G a , where S ia are subpopulation sizes and R ia are proportions of revenue from tourism for the ith of the n parks in which species a occurs, and G a is its global population. Higher T indicates greater dependence on tourism, and hence greater revenue-related risks to the threatened species concerned. R ia are from gross revenues at national scale, since as noted above, agencies incur costs irrespective of income, and reallocate funds internally. In some nations, there are multiple categories of protected areas with different budget allocations per unit area; and in some agencies, budget data are available for individual parks. To maximise the number of species subpopulations for which both S and R data are available, however, we use the broadest and most widely available measure for R.
Subpopulation data S (Table S1 ) are derived from: IUCN Red Lists and supplementary materials; previous reviews [26] ; and individual species conservation or recovery plans where available. Parks funding data R (Table S2) are from agency websites and the most recent available financial reports, audits and compendia. Data for R are more limited than for S. Data for R, S and G are available for 90 of the 1131 mammal species currently considered [26] as Vulnerable (VU), Endangered (EN), or Critically Endangered (CR). Data for G and S, but not R, are available for a further 52 species.
For many species, data are only available for a subset of known subpopulations. Both the proportions of populations represented, and the reliability of the data concerned, differ considerably between species. For some individual species, reported population data may also change quite rapidly. IUCN Red Lists show common hippopotamus Hippopotamus amphibius, for example, as occurring in 138 protected parks, game, and nature reserves and sanctuaries. Subpopulation estimates, however, are available for only 20 of these, and financial data for only four. Ader's duiker Cephalophus adersi occurs only in fragmented areas in Zanzibar and Kenya where local-scale population estimates are unreliable, so calculations are necessarily at national scale. For a few species such as black rhinoceros Diceros bicornis, subpopulation data are no longer released publicly because of poaching risks, and the data used here are compiled from country-level statistics.
The scarcity of data reflects the general paucity of information on threatened-species populations and parks-agency operations worldwide. The data presented here, however, are all that are currently available, and are more than adequate to demonstrate general patterns related to tourism revenues. Previous studies [6, 27] have faced similar deficiencies in data, but have yielded valuable assessments nonetheless. In particular, even though data are available for ,10% of the IUCN-redlisted mammal species, there is no indication of any bias towards either more or less tourism-dependent species, as outlined below.
Results
Of the 1131 IUCN-redlisted mammal species worldwide [25] , data to calculate T are available for 90 ( Fig. 1 , Table 1 ). These data are derived from 379 subpopulations in 27 countries (Tables  S1 and S2 ). Global population estimates for these species range from ,50-500,000, with median ,3300. T is not correlated with global population size (Fig. 2) .
T$5% for 58% of species with available data, T$10% for 28%, and T$15% for 20% (Fig. 1 , Table 1 ). For two species, Ader's duiker Cephalophus adersi and the Tana River crested mangabey Cercocebus galeritus, T.50%. That is, over half of the IUCN-redlisted mammal species listed in Table 1 rely on tourism to provide on-the-ground conservation funding for at least 5% of remaining individuals, and are hence at risk of at least a 5% population loss if tourism funding were to vanish as a result of a downturn in the industry. As noted earlier, in countries which have indeed experienced severe downturns in tourism, population losses of threatened species have indeed intensified: this is a very real mechanism. Population losses even at this scale are of global concern for any red-listed species. Rhino poaching in parts of Africa and Asia is currently causing annual losses around 2% of global populations, for example, and this is a topic of intense international public debate and global concern. There is no correlation between reliance on tourism revenue, and recognition as a wildlife tourism icon, confirming that the data are not biased towards high-T species. Some tourism icon species, such as lion, one-horned rhinoceros and African elephant, have high T ($10%), but others such as tiger, golden-headed lion tamarin, red panda and a number of lemur species, have low T (,5%) ( Table 1 ). In addition, many high-T species such as the Patagonian huemul Hippocamelus bisulcus are not in themselves targets for wildlife tourists, but simply occur in scenically attractive parks. Most of the species with highest T ($15%) are at least of moderate body size (Fig. 3 ), but only a third of these are icon tourism attractions.
Some of these species are already at particular risk since they survive only at a single site in one country. Indeed, this is one factor considered by IUCN in the allocation of CR or EN redlisting status. For the 90 species assessed here, 27% survive in only a single population, and reliance on tourism revenue is proportionately higher for more severely threatened species which occur in fewer remaining subpopulations (Fig. 4) . Mindoro dwarf buffalo Bubalus mindorensis, for example, are protected in only one Philippine national park, with 53% of funding from tourism.
If each individual of each endangered (EN) or critically endangered (CR) mammal species is given equal weight, so that, e.g., one Gilbert's potoroo is counted the same as one hippopotamus, then in aggregate, tourism protects 4.9% of the 40 EN and 9.6% of the 26 CR mammal species with data available. That is, reliance on tourism revenue is twice as severe for critically endangered as for endangered species.
Discussion
Our estimates of T are conservative for all species listed, for two main reasons. Firstly, we used maximum published estimates for G. The degree of underestimation from this factor, for different species a, depends on the range of different estimates for G a . Secondly, we calculated T a by dividing S i n S ia R ia for the n subpopulations where S and R data are available for each species a, by the global totals G a which also include subpopulations without such data. Thus for the common hippopotamus, as noted earlier, S i n S ia R ia is calculated for 4 subpopulations, but G a is for at least 138. We do not extrapolate from subpopulations with data on S and R to those without, because parks budget structures differ greatly between nations. If parks budgets were available for all African nations, for example, T estimates for African elephant would be increased. The degree of underestimation from this factor depends on the completeness of IUCN subpopulation data for each species, the numbers of subpopulations where it is known to occur, and the countries in which those subpopulations occur.
Arguably, the conservation values of one living individual of different threatened species are not equal, but inversely proportional to total remaining global populations. We could calculate a more complex conservation currency where individuals of different species are weighted according to relative rarity, but this would be less robust than the simpler metric adopted here. Alternatively, we could potentially use a probabilistic rather than an accounting model, calculating how support from tourism increases survival probabilities for each subpopulation, and thus for the species overall. This is not yet feasible, because of uncertainties over raw data [28] , controversy over minimum viable population sizes [29] , improvements in captive breeding and relocation [30] , and rapid changes in contributions of tourism to parks revenues. We found no correlation between T and the recently-developed SAFE index [27] , which examines the relationship between minimum viable populations and global population sizes for different species. This analysis focuses on public protected areas, because these are the most significant conservation reserves for most IUCNredlisted mammal species. Conservation on other land tenures, however [12, 19, 29, 31] , though complex and contested [31] [32] [33] is also increasingly important for many threatened species, especially as they face additional risks associated with climate change [11, 17, [34] [35] [36] . Tourism does also contribute to conservation of threatened species on private and community reserves [37] . Subpopulation sizes on these land tenures, however, are generally far smaller than in public protected areas. The results presented here show that revenue from tourism to public parks is currently far more significant for conservation of threatened species globally.
With few exceptions [37] , this revenue is raised almost entirely from individual park visitor fees, not commercial tour operators. In countries such as the Philippines, Kenya, Botswana and Zambia, over half of parks funding is from visitors. These proportions are high not only because these parks are popular with tourists, but because government funding for parks agencies in these countries is low. This reflects a new but powerful trend in conservation finance [16] [17] [18] . For those national parks agencies which do not currently charge high visitor fees, but whose parks protect mammal species in high demand from tourists, agencies are under pressure to raise fees to boost conservation funding. At the same time, governments are imposing new taxes on park-based wildlife tourism. This is currently under intense debate in India and several African nations. This increases the conservation risks identified here. In addition, if tourist demand is weak or access is poor, raising per capita fees decreases visitor numbers and revenues.
Rather than relying on tourism, a safer and more effective strategy for conservation of threatened mammal species in impoverished nations would be for international donors to fund park ranger salaries and equipment directly. For species with only a few small subpopulations remaining, funding may also be required for captive breeding and translocations. Tourism does contribute to these [37] , but only in a few cases. By funding parks agencies in developing nations directly, wealthier nations can reduce the developing nations' dependence on tourism. Political pride and patronage in recipient nations currently present barriers to such direct earmarked funding. These barriers could be overcome, however, by linking funding to payments for ecosystem services, including carbon sequestration.
From a research perspective, this contribution answers the many recent calls [1] [2] 19, [38] [39] to improve information flows between conservation science and conservation policy. Future evaluations will be more comprehensive, if further data become available; and more accurate, if contributions can be measured using probabilities of species survival rather than number of individuals currently surviving. 
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